·The prevalence of histologically proven fatty liver was 21.8%, and coexisting fatty liver was associated with a 3--fold increased risk for hepatocellular carcinoma (HCC) development in chronic hepatitis B (CHB) patients without excessive alcohol intake.

·However, when demographic and clinical characteristics including metabolic factors were balanced using inverse probability weighting based on each patient's propensity score, the association between coexistence of fatty liver and HCC development was not evident.

·These findings suggest that superimposed nonalcoholic fatty liver disease (NAFLD) as a hepatic manifestation of metabolic syndrome, not hepatic steatosis per se, may possess important predictive value for HCC in CHB patients.

INTRODUCTION
============

Chronic hepatitis B virus (HBV) infection is one of the most common chronic viral infections worldwide, and especially in Asian countries \[[@b1-cmh-2018-0040]\]. Patients with chronic hepatitis B (CHB) are at risk for developing liver cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC) \[[@b2-cmh-2018-0040]-[@b4-cmh-2018-0040]\]. Although the long-term prognosis for patients with chronic HBV infection has been improved by antiviral therapy with potent nucleos(t)ide analogues (i.e., entecavir, tenofovir disoproxil or tenofovir alafenamide), the risk for developing HCC has not been eliminated in those patients, leading to a huge burden on public health \[[@b5-cmh-2018-0040]\]. Patients with HBV-related cirrhosis are at a particularly high risk for HCC development, with a yearly incidence of HCC in those patients ranging from 2% to 8% \[[@b5-cmh-2018-0040]\].

Nonalcoholic fatty liver disease (NAFLD) is another serious global health problem because of the increasing prevalence even in Asian countries. Although its pathogenesis is not fully understood, NAFLD is primarily associated with obesity and insulin resistance, and is regarded as a hepatic manifestation of metabolic syndrome \[[@b6-cmh-2018-0040]\]. A diverse spectrum of liver diseases including nonalcoholic steatohepatitis (NASH) and liver cirrhosis results from NAFLD, and NAFLD is a well-known risk factor for HCC \[[@b7-cmh-2018-0040]\]. Patients with NASH-related cirrhosis are at a greatly increased risk for HCC, with a yearly cumulative incidence of 2.6% \[[@b8-cmh-2018-0040]\]. Theoretically, NAFLD and chronic HBV infection may synergistically potentiate HCC development; however, few studies have evaluated the effect of coexisting NAFLD on the risk for developing HBV-related HCC. A recent study showed that CHB patients with histologically proven fatty liver had a 7.3--fold increased risk for developing HCC \[[@b9-cmh-2018-0040]\]. While age, long-term antiviral treatment, and cirrhosis were independent predictive factors for HCC development, metabolic factors such as diabetes, hypertension, and body mass index (BMI), were not. However, a previous Taiwanese study demonstrated that both concurrent obesity and diabetes were predictors of HCC risk in patients with CHB, suggesting a synergistic hepatocarcinogenic effect of metabolic factors and chronic viral hepatitis \[[@b10-cmh-2018-0040]\].

The present study was conducted to evaluate the effect of histologically proven fatty liver on the development of HCC in patients with chronic HBV infection. We adopted inverse probability weighting (IPW) based on each patient's propensity score to rigorously adjust for possible confounding factors, including metabolic factors.

PATIENTS AND METHODS
====================

Patient population
------------------

The study population consisted of consecutive CHB patients who underwent liver biopsy from January 2007 through December 2015 at CHA Bundang Medical Center (Seongnam, Korea). We excluded patients with significant alcohol intake (n=7), which was defined as alcohol consumption of more than 210 g per week in males and 140 g per week in females over a 2-year period preceding liver biopsy \[[@b11-cmh-2018-0040],[@b12-cmh-2018-0040]\]. Patients who met any of the following criteria also were excluded from the study: (1) history of malignant disease, including HCC (n=11); (2) co-infection with hepatitis C virus (n=1); (3) a follow-up duration of less than 6 months (n=48); or (4) HCC diagnosed within 6 months from baseline (n=1) ([Fig. 1](#f1-cmh-2018-0040){ref-type="fig"}). The study protocol was reviewed and approved by the Institutional Review Board of CHA Bundang Medical Center. Because this study was a retrospective cohort study based on pre-existing clinical data, which were analyzed anonymously, the need for obtaining a written informed consent was waived.

Clinical and histological assessment
------------------------------------

All patients admitted for liver biopsy and clinical and laboratory parameters were assessed at baseline. BMI was calculated based on body weight and height at the time of admission. Overweight was defined as BMI ≥ 23 kg/m^2^, and obesity was defined as BMI ≥ 25 kg/m^2^ in accordance with BMI cut-off points for determining overweight and obesity in Asian populations \[[@b13-cmh-2018-0040]\]. The following laboratory parameters were evaluated at baseline: hepatitis B e antigen (HBeAg), HBV DNA levels, and blood chemistry parameters, including albumin, total bilirubin, alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase (ALT), gamma-glutamyl transferase, fasting glucose, and lipid profiles. Dyslipidemia was defined as serum triglyceride ≥ 150 mg/dL or high-density lipoprotein (HDL) cholesterol \< 40 mg/dL in males and \< 50 mg/dL in females \[[@b14-cmh-2018-0040]\]. The study patients were usually assessed at 3- to 6-month intervals throughout the entire follow-up period. Follow-up duration was defined as the period between the date of liver biopsy and the date of HCC diagnosis or last visit. Patients were treated with nucleos(t)ide analogues based on international guidelines and the physician's decision. Most patients underwent regular HCC surveillance with abdominal imaging (e.g., ultrasonography or computed tomography) and/or monitoring of alpha-fetoprotein levels every 6--12 months. HCC diagnosis was established radiologically or histologically according to practice guidelines \[[@b15-cmh-2018-0040]-[@b18-cmh-2018-0040]\].

Ultrasound-guided liver biopsy was performed during inpatient stay. Histopathologic diagnosis was made by an experienced hepatopathologist (K.I.K.) who had no clinical information regarding the study subjects. A liver biopsy specimen was considered adequate if it was longer than 1.5 cm and contained six or more portal triads \[[@b19-cmh-2018-0040]\]. Hepatic fibrosis was assessed semiquantitatively according to the Ishak scoring system (score 0--6), and cirrhosis was defined as severe fibrosis with Ishak score 5 or 6 \[[@b20-cmh-2018-0040]\]. Fatty liver was defined as the presence of ≥ 5% hepatic steatosis \[[@b11-cmh-2018-0040]\].

Statistical analysis
--------------------

We compared the baseline demographic and clinical characteristics of patients with or without fatty liver. Continuous variables were expressed as median and interquartile range, and groupwise comparisons were performed using Student's *t*-test. The chi-squared test was used to compare categorical variables. The cumulative incidence rates of HCC were plotted using the Kaplan-Meier method, and differences between groups were compared using the log-rank test. The Cox proportional hazards model was used to identify risk factors for development of HCC. Clinicopathological factors were tested in a univariate analysis; and then a multivariate analysis was performed with factors that showed a significant association in the univariate analysis. Presence of fatty liver was included in the multivariate analysis, even if it was not identified as a significant risk factor in the univariate analysis, to evaluate its adjusted predictive value for HCC.

We employed IPW using the propensity score to adjust for between-group differences in patient characteristics, including metabolic factors. Propensity scores were computed by fitting a logistic regression model, in which demographic and clinicopathological characteristics were included, and the presence of fatty liver was deemed an outcome. The balance of baseline characteristics between groups was re-evaluated after IPW; and thereafter, the weighted Cox proportional hazards model was used to explore independent risk factors for HCC development. All statistical analyses were conducted as 2-tailed tests using IBM SPSS, version 24.0 (IBM Corp., Armonk, NY, USA) and R language, version 3.4.2 (R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was declared with a *P*-value less than 0.05.

RESULTS
=======

Characteristics of the study population
---------------------------------------

A total of 321 patients with chronic HBV infection were included in the analysis. Steatosis of ≥ 5% was identified in 70 patients (21.8%), and the median (interquartile range \[IQR\]) follow-up duration was 5.3 (2.9--8.3) years. None of the study patients died or underwent liver transplantation during the follow-up period. Baseline demographic and clinicopathological characteristics of the study subjects are summarized in [Table 1](#t1-cmh-2018-0040){ref-type="table"}. The median (IQR) age was 41 (33--49) years overall and the patients with fatty liver were significantly older than those without fatty liver (*P*=0.005). BMI was higher in patients with fatty liver than that of patients without fatty liver, and 55.7% of patients with fatty liver were obese (BMI ≥ 25 kg/m^2^). Diabetes (*P*=0.06) and hypertension (*P*=0.005) were more prevalent among patients with fatty liver than among those without fatty liver. Patients with fatty liver had significantly more metabolic risk factors, which included obesity, history of hypertension or diabetes mellitus, and higher serum levels of triglyceride and fasting glucose, lower serum levels of HDL cholesterol, compared to patients without fatty liver (*P*\<0.001). Serum concentrations of total cholesterol, low-density lipoprotein cholesterol, and triglyceride were higher among patients with fatty liver (*P*\<0.001). Fasting glucose concentrations were also higher in patients with fatty liver; however, this difference between the two groups was not statistically significant (*P*=0.09). Cirrhosis was more frequently diagnosed in patients with fatty liver, but the difference between groups was not significant (*P*=0.09). Almost all patients (n=302; 94.1%) received antiviral therapy, and 167 patients (52.0%) were treated for over 5 years. The majority of study patients were HBeAg-positive, and the proportion of HBeAg-positive patients and HBV DNA levels at baseline were similar between the groups (*P*=0.11 and *P*=0.26, respectively).

Development of HCC
------------------

During the follow-up period, 17 patients (5.3%) were diagnosed with HCC: 8 (11.4%) among 70 patients with fatty liver and 9 (3.6%) among 251 patients without fatty liver. The 1-year, 3-year, and 5-year cumulative incidences of HCC were 0%, 1.8%, and 3.2%, respectively, and the rates differed significantly between the groups (*P*=0.004): 0%, 1.9%, and 1.9% among the patients without fatty liver and 0%, 1.6%, and 8.2% among those with fatty liver ([Table 2](#t2-cmh-2018-0040){ref-type="table"}, [Fig. 2A](#f2-cmh-2018-0040){ref-type="fig"}, [B](#f2-cmh-2018-0040){ref-type="fig"}). When the patients were divided into two subgroups according to the presence of cirrhosis, the 5-year cumulative incidences of HCC were 2.1% in the subgroup without cirrhosis (Ishak F0--4) and 8.0% in the subgroup with cirrhosis (Ishak F5/6) ([Table 2](#t2-cmh-2018-0040){ref-type="table"}). While the 5-year cumulative incidence rates were significantly higher among patients with fatty liver than among patients without fatty liver in the subgroup without cirrhosis (n=257: 6.0% vs. 1.1%; *P*=0.04) ([Table 2](#t2-cmh-2018-0040){ref-type="table"}, [Fig. 2C](#f2-cmh-2018-0040){ref-type="fig"}), the 5-year cumulative incidence rates were not significantly different between the two groups within the subgroup with cirrhosis (n=64: 13.7% vs. 5.3%; *P*=0.11) ([Table 2](#t2-cmh-2018-0040){ref-type="table"}, [Fig. 2D](#f2-cmh-2018-0040){ref-type="fig"}).

A univariate Cox proportional hazards regression analysis identified age, diabetes mellitus, hypertension, cirrhosis, baseline serum ALT levels, and fatty liver as risk factors for HCC development ([Table 3](#t3-cmh-2018-0040){ref-type="table"}). A multivariate analysis with forward stepwise variable selection revealed a significant association between coexistence of fatty liver and an increased risk for HCC development (adjusted hazard ratio \[HR\], 3.005; 95% confidence interval \[CI\], 1.122--8.051; *P*=0.03) ([Table 3](#t3-cmh-2018-0040){ref-type="table"}). Age (adjusted HR, 1.109; 95% CI, 1.057--1.164; *P*\<0.001) and cirrhosis (adjusted HR, 2.939; 95% CI, 1.088--7.935; *P*=0.03) were determined as independent risk factors for HCC development ([Table 3](#t3-cmh-2018-0040){ref-type="table"}).

HCC risk assessment using IPW
-----------------------------

Baseline demographic and clinicopathological characteristics, including age, gender, BMI, diabetes, hypertension, and lipid profiles, became well balanced between the groups after adjustment for patient characteristics using IPW ([Table 4](#t4-cmh-2018-0040){ref-type="table"}). The weighted cumulative incidence rate of HCC at year 5 was 2.6% overall ([Fig. 3A](#f3-cmh-2018-0040){ref-type="fig"}): 2.0% among the patients without fatty liver and 5.3% among those with fatty liver ([Fig. 3B](#f3-cmh-2018-0040){ref-type="fig"}). There was no statistically significant difference in the 5-year cumulative risk for developing HCC between the two groups (*P*=0.19) ([Fig. 3B](#f3-cmh-2018-0040){ref-type="fig"}). Moreover, the cumulative HCC incidence rates were similar between the groups in the subgroups without and with cirrhosis (*P*=0.16 and *P*=0.97, respectively) ([Fig. 3C](#f3-cmh-2018-0040){ref-type="fig"}, [D](#f3-cmh-2018-0040){ref-type="fig"}). When the weighted Cox proportional hazard models were fitted, a subsequent univariate analysis identified age, diabetes mellitus, and cirrhosis status as factors significantly associated with development of HCC ([Table 5](#t5-cmh-2018-0040){ref-type="table"}). In the multivariate Cox model, older age (adjusted HR, 1.063; 95% CI, 1.010--1.120; *P*=0.02) and status of diabetes mellitus (adjusted HR, 3.562; 95% CI, 1.117--11.359; *P*=0.03) were significantly associated with HCC risk, whereas coexistence of fatty liver (adjusted HR, 1.709; 95% CI, 0.404--7.228; *P*=0.47) and cirrhosis (adjusted HR, 3.554; 95% CI, 0.911--13.874; *P*=0.07) showed no significant association with HCC risk ([Table 5](#t5-cmh-2018-0040){ref-type="table"}).

DISCUSSION
==========

In the present study, we demonstrated that the prevalence of histologically proven fatty liver was 21.8%, and coexistence of fatty liver was associated with a 3--fold increased risk for developing HCC in CHB patients without excessive alcohol consumption. Age and liver cirrhosis were additional independent risk factors for HCC in our study population. However, after rigorous adjustment for patient characteristics including metabolic factors using IPW, no significant association between coexistence of fatty liver and HCC development was observed. Instead, diabetes showed significant association with risk potentiating HCC development by 3.6--fold.

Because we aimed to accurately assess the hepatocarcinogenic effect of coexisting NAFLD in Korean patients with chronic HBV infection, patients undergoing liver biopsy and subsequent histologic diagnosis, which is the gold standard for assessment of hepatic steatosis \[[@b11-cmh-2018-0040]\], were selected for analysis. After adjusting for age and cirrhosis, histologically diagnosed NAFLD was determined to be an independent predictive factor of HCC development. Although diabetes and hypertension were identified as significant risk factors for HCC in a univariate analysis, these factors were excluded in the variable selection process for multivariate analysis. Intriguingly, the impact of fatty liver on the risk for developing HCC in CHB patients disappeared under conditions in which possible confounders, including metabolic factors, were thoroughly controlled. Cirrhosis, which is a well-known risk factor of HCC, was adjusted in the multivariate analysis and IPW, however, the impact of coexisting fatty liver might be attenuated in cirrhotic patients. Therefore, we repeated weighted analyses in the subgroup of non-cirrhotic patients (n=257). As results, the cumulative risks of developing HCC were not significantly different between patients without and with fatty liver (*P*=0.23 by weighted log-rank test). Moreover, coexistence of fatty liver was not associated with HCC risk (adjusted HR, 4.564; *P*=0.07) after adjustment for age (adjusted HR, 1.099; *P*=0.004), diabetes (adjusted HR, 7.018; *P*=0.007), and ALT (adjusted HR, 0.988; *P*=0.05). Overall, the obtained results were similar to those in the total study population. These findings suggest that coexisting NAFLD as a hepatic manifestation of metabolic syndrome potentiates the risk for HCC in CHB patients, but hepatic steatosis per se does not.

Consistent with our present study, Chan and colleagues recently reported that histologically proven fatty liver was associated with a 7.3--fold increased risk for HCC development in patients chronically infected with HBV \[[@b9-cmh-2018-0040]\]. In another study, when the influence of metabolic risk factors, such as obesity, diabetes mellitus, hypertension, and hypertriglyceridemia, on HCC risk and liver-related mortality in male patients with chronic HBV infection was analyzed, patients with ≥ 3 metabolic risk factors were at a 2.3--fold higher risk for HCC \[[@b21-cmh-2018-0040]\]. Particularly, the association of metabolic risk factors and insulin resistance with HCC risk was more evident in patients with low viral load (HBV DNA \< 10,000 copies/mL), and this point supports findings in our present study, in which more than 90% of the study subjects were treated with antiviral therapies. Although results of the previous study drawn from a large Taiwanese cohort with long-term follow-up did not include data on the effects of histologically proven fatty liver, the results were in line with findings in our present study. Collectively, thorough screening and management of metabolic risk factors in CHB patients is crucial for preventing HCC, and ultimately improving the long-term clinical outcomes. In the present study, cirrhosis, a well-known major risk factor for HCC \[[@b5-cmh-2018-0040]\], was revealed to possess a significant association with a 2.9--fold increased risk for developing HCC. Coexisting fatty liver potentiated the HCC risk in patients without cirrhosis (Ishak F0--4), whereas did not in those with cirrhosis (Ishak F5/6). These results implicate that modifiable metabolic factors need be dealt with more strictly in young non-cirrhotic patients with chronic HBV infection.

In our study population, the prevalence of histologically proven fatty liver was 21.8%. Concurrent fatty liver was histologically diagnosed in 39.6% of the CHB patients included in the aforementioned study \[[@b9-cmh-2018-0040]\], and the prevalence of histologically proven fatty liver in Chinese CHB patients was reported to have gradually increased from 8.2% to 31.8% over 10 years \[[@b22-cmh-2018-0040]\]. Although the CHB patients included in our present study showed a lower prevalence of NAFLD when compared with those study population, NAFLD is becoming more prevalent as obesity becomes a worldwide epidemic. Therefore, physicians have to become more alert to the possibility of metabolic syndrome when treating patients with chronic HBV infection in the future.

There are several limitations to this study. First, we did not adopt the scoring systems for semiquantitative severity assessment of necroinflammation in NAFLD, such as NAFLD activity score and steatosis-activity-fibrosis score \[[@b23-cmh-2018-0040]-[@b25-cmh-2018-0040]\]. NAFLD is generally regarded as benign, and there are few reports of HCC developing from simple hepatic steatosis. However, the influence of NASH on the risk for HCC in CHB patients is worthy of further investigation. Second, because our data were collected retrospectively, insulin resistance, which plays a key role in glucose and lipid metabolism, could not be fully assessed in the present study. Moreover, the use of statin or metformin, a possible confounding factor, was not available for adjustment in our retrospective cohort. Prospective studies are warranted that evaluate the association between coexisting fatty liver and HCC risk, with adjustment for metabolic parameters reflecting insulin resistance, such as the homeostasis model assessment of insulin resistance index, and medication history \[[@b26-cmh-2018-0040]\]. Third, liver cirrhosis, a well-known risk factor for HCC, was not independent predictor of development of HCC after IPW, this finding might result from limited events during our study period and the association between liver cirrhosis and HCC risk would become evident with accumulation of events over time.

In conclusion, we demonstrated that coexisting fatty liver was associated with an increased risk for HCC development in patients with chronic HBV infection. However, considering that the association was not evident after adjusting for metabolic factors, fatty liver as a hepatic manifestation of metabolic syndrome, may possess important predictive value for HCC. Thorough screening and management of metabolic risk factors is needed to improve the long-term outcomes of patients chronically infected with HBV.
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![Incidence of HCC after IPW. (A) In the entire cohort. (B) Among patients with or without fatty liver. (C) Among patients with or without fatty liver in the subgroup without cirrhosis (Ishak F0--4). (D) Among patients with or without fatty liver in the subgroup with cirrhosis (Ishak F5/6). HCC, hepatocellular carcinoma; IPW, inverse probability weighting.](cmh-2018-0040f3){#f3-cmh-2018-0040}

###### 

Baseline clinicopathological characteristics

  Characteristics                                                                    Overall (N=321)     Steatosis           *P*-value           
  ---------------------------------------------------------------------------------- ------------------- ------------------- ------------------- ---------
  Age (median \[IQR\]) (years)                                                       41 (33--49)         41 (32--48)         45 (36--51)         0.005
  Male                                                                               196 (61.1)          146 (58.2)          50 (71.4)           0.05
  BMI (kg/m^2^)                                                                                                                                  \<0.001
   \<23 (Normal)                                                                     134 (41.7)          118 (47.0)          16 (22.9)           
   ≥23 to \<25 (Overweight)                                                          81 (25.2)           66 (26.3)           15 (21.4)           
   ≥25 (Obese)                                                                       106 (33.0)          67 (26.7)           39 (55.7)           
  Diabetes mellitus                                                                  21 (6.5)            13 (5.2)            8 (11.4)            0.06
  Hypertension                                                                       25 (7.8)            14 (5.6)            11 (15.7)           0.005
  Number of metabolic risk factors^[\*](#tfn1-cmh-2018-0040){ref-type="table-fn"}^                                                               \<0.001
   \<3                                                                               269 (83.8)          223 (88.8)          46 (65.7)           
   ≥3                                                                                52 (16.2)           28 (11.2)           24 (34.3)           
  Liver cirrhosis                                                                    64 (19.9)           45 (17.9)           19 (27.1)           0.09
  Duration of antiviral treatment                                                                                                                0.88
   Never or \<5 years                                                                154 (48.0)          121 (48.2)          33 (47.1)           
   ≥5 years                                                                          167 (52.0)          130 (51.8)          37 (52.9)           
  Laboratory data (median \[IQR\])                                                                                                               
   Albumin (g/dL)                                                                    4.0 (3.7--4.3)      4.0 (3.7--4.3)      4.2 (3.8--4.4)      0.17
   Total bilirubin (mg/dL)                                                           0.6 (0.5--0.9)      0.7 (0.5--0.9)      0.6 (0.5--0.9)      0.53
   ALP (IU/L)                                                                        185 (154--241)      191 (156--245)      176 (150--227)      0.17
   AST (IU/L)                                                                        76 (47--140)        85 (51--153)        53 (36--86)         \<0.001
   ALT (IU/L)                                                                        87 (44--160)        94 (45--171)        71 (32--114)        0.02
   GGT (IU/L)                                                                        61 (32--112)        66 (33--115)        52 (30--104)        0.51
   Fasting glucose (mg/dL)                                                           98 (90--109)        98 (90--108)        103 (92--117)       0.09
   Total cholesterol (mg/dL)                                                         164 (140--183)      159 (137--179)      176 (155--203)      \<0.001
   HDL cholesterol (mg/dL)                                                           47.3 (38.8--58.4)   48.3 (39.4--59.4)   44.4 (35.4--54.4)   0.21
   LDL cholesterol (mg/dL)                                                           92 (76--112)        90 (75--108)        105 (87--129)       \<0.001
   Triglyceride (mg/dL)                                                              84 (65--115)        80 (63--109)        103 (81--137)       \<0.001
   HBeAg (positive)                                                                  218 (67.9)          176 (70.1)          42 (60.0)           0.11
   HBV DNA                                                                                                                                       0.26
    \<6 log~10~ copies/mL                                                            146 (45.5)          110 (43.8)          36 (51.4)           
    ≥6 log~10~ copies/mL                                                             175 (54.5)          141 (56.2)          34 (48.6)           

Data are given as number (%) of patients, unless otherwise noted.

IQR, interquartile range; BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gammaglutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.

Metabolic risk factors included obesity, history of hypertension or diabetes mellitus, and serum levels of triglyceride, HDL cholesterol, and fasting glucose.

###### 

Development of HCC

  HCC development                 Overall   Steatosis \< 5%   Steatosis ≥ 5%
  ----------------- ------------- --------- ----------------- ----------------
  Overall                                                     
   1-year           Rate (%)      0         0                 0
                    Sample size   310       243               67
   3-year           Rate (%)      1.8       1.9               1.6
                    Sample size   238       184               54
   5-year           Rate (%)      3.2       1.9               8.2
                    Sample size   164       136               28
  Ishak F0--4                                                 
   1-year           Rate (%)      0         0                 0
                    Sample size   248       198               50
   3-year           Rate (%)      0.9       1.1               0
                    Sample size   191       151               40
   5-year           Rate (%)      2.1       1.1               6.0
                    Sample size   141       120               21
  Ishak F5/6                                                  
   1-year           Rate (%)      0         0                 0
                    Sample size   62        45                17
   3-year           Rate (%)      5.6       5.3               5.9
                    Sample size   47        33                14
   5-year           Rate (%)      8.0       5.3               13.7
                    Sample size   23        16                7

HCC, hepatocellular carcinoma.

###### 

Univariate and multivariate Cox analysis of the factors associated with HCC development

  Characteristics                                                                    HCC development                                          
  ---------------------------------------------------------------------------------- ----------------------- --------- ---------------------- ---------
  Age (years)                                                                        1.105 (1.057--1.155)    \<0.001   1.109 (1.057--1.164)   \<0.001
  Male                                                                               1.403 (0.494--3.986)    0.53                             
  BMI (kg/m^2^)                                                                                              0.52                             
   \<23 (Normal)                                                                     1 \[Reference\]                                          
   ≥23 to \<25 (Overweight)                                                          1.851 (0.535--6.403)    0.33                             
   ≥25 (Obese)                                                                       1.826 (0.579--5.761)    0.30                             
  Diabetes mellitus                                                                                          0.002                            
   No                                                                                1 \[Reference\]                                          
   Yes                                                                               6.019 (1.893--19.139)                                    
  Hypertension                                                                                               0.008                            
   No                                                                                1 \[Reference\]                                          
   Yes                                                                               4.138 (1.452--11.791)                                    
  Number of metabolic risk factors^[\*](#tfn2-cmh-2018-0040){ref-type="table-fn"}^                           0.95                             
   \<3                                                                               1 \[Reference\]                                          
   ≥3                                                                                1.045 (0.299--3.651)                                     
  Liver cirrhosis                                                                                            0.007                            0.03
   No                                                                                1 \[Reference\]                   1 \[Reference\]        
   Yes                                                                               3.880 (1.457--10.330)             2.939 (1.088--7.935)   
  Histologic steatosis                                                                                       0.008                            0.03
   \< 5%                                                                             1 \[Reference\]                   1 \[Reference\]        
   ≥ 5%                                                                              3.669 (1.411--9.543)              3.005 (1.122--8.051)   
  Duration of antiviral treatment                                                                            0.43                             
   Never or \<5 years                                                                1 \[Reference\]                                          
   ≥5 years                                                                          0.635 (0.205--1.963)                                     
  Albumin (g/dL)                                                                     0.874 (0.306--2.495)    0.80                             
  Total bilirubin (mg/dL)                                                            0.902 (0.476--1.710)    0.75                             
  ALP (IU/L)                                                                         1.000 (0.993--1.006)    0.91                             
  AST (IU/L)                                                                         0.994 (0.986--1.002)    0.17                             
  ALT (IU/L)                                                                         0.990 (0.981--0.999)    0.03                             
  GGT (IU/L)                                                                         1.000 (0.997--1.004)    0.83                             
  Fasting glucose (mg/dL)                                                            1.012 (0.999--1.024)    0.07                             
  Total cholesterol (mg/dL)                                                          0.993 (0.978--1.008)    0.33                             
  HDL cholesterol (mg/dL)                                                            1.010 (0.979--1.042)    0.54                             
  LDL cholesterol (mg/dL)                                                            0.988 (0.970--1.008)    0.23                             
  Triglyceride (mg/dL)                                                               0.995 (0.982--1.008)    0.45                             
  HBeAg (positive)                                                                   0.850 (0.313--2.305)    0.75                             
  HBV DNA                                                                                                    0.75                             
   \<6 log~10~ copies/mL                                                             1 \[Reference\]                                          
   ≥6 log~10~ copies/mL                                                              0.841 (0.297--2.383)                                     

Data in parentheses are 95% CIs.

HCC, hepatocellular carcinoma; CI, confidence interval; BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.

Metabolic risk factors included obesity, history of hypertension or diabetes mellitus, and serum levels of triglyceride, HDL cholesterol, and fasting glucose.

###### 

Baseline clinicopathological characteristics after inverse probability weighting

  Characteristics                                                                    Overall (N=321)   Steatosis           *P*-value           
  ---------------------------------------------------------------------------------- ----------------- ------------------- ------------------- ------
  Age (median \[IQR\]) (years)                                                       41 (34--49)       42 (33--49)         40 (34--50)         0.72
  Male                                                                               186 (57.8)        151 (60.7)          35 (47.9)           0.28
  BMI (kg/m^2^)                                                                                                                                0.74
   \<23 (Normal)                                                                     138 (42.8)        104 (41.9)          33 (45.8)           
   ≥23 to \<25 (Overweight)                                                          75 (23.2)         62 (24.8)           13 (17.6)           
   ≥25 (Obese)                                                                       110 (34.1)        83 (33.4)           27 (36.6)           
  Diabetes mellitus                                                                  18 (5.5)          15 (5.8)            3 (4.4)             0.58
  Hypertension                                                                       29 (8.9)          23 (9.2)            6 (8.2)             0.83
  Number of metabolic risk factors^[\*](#tfn3-cmh-2018-0040){ref-type="table-fn"}^                                                             0.43
   \<3                                                                               266 (82.7)        209 (84.0)          57 (78.1)           
   ≥3                                                                                56 (17.3)         40 (16.0)           16 (21.9)           
  Liver cirrhosis                                                                    81 (25.0)         51 (20.4)           30 (41.1)           0.08
  Duration of antiviral treatment                                                                                                              0.42
   Never or \<5 years                                                                158 (49.0)        117 (46.9)          41 (56.2)           
   ≥5 years                                                                          164 (51.0)        132 (53.1)          32 (43.8)           
  Laboratory data (median \[IQR\])                                                                                                             
   Albumin (g/dL)                                                                    4.0 (3.7--4.3)    4 (3.7--4.4)        3.9 (3.4--4.3)      0.19
   Total bilirubin (mg/dL)                                                           0.7 (0.5--1.0)    0.6 (0.5--1.0)      0.8 (0.5--1.0)      0.53
   ALP (IU/L)                                                                        192 (157--250)    189 (156--243)      224 (169--250)      0.31
   AST (IU/L)                                                                        73 (47--136)      79 (49--143)        56 (47--106)        0.30
   ALT (IU/L)                                                                        78 (39--159)      87 (43--169)        65 (25--114)        0.68
   GGT (IU/L)                                                                        65 (33--126)      61 (33--113)        70 (33--178)        0.33
   Fasting glucose (mg/dL)                                                           99 (90--112)      98 (90--111)        101 (92--124)       0.49
   Total cholesterol (mg/dL)                                                         159 (136--180)    163 (140--180)      153 (136--181)      0.44
   HDL cholesterol (mg/dL)                                                           49 (39.4--59.4)   47.0 (39.4--58.5)   54.0 (39.5--59.4)   0.35
   LDL cholesterol (mg/dL)                                                           90 (74--110)      92 (77--110)        79 (69--105)        0.29
   Triglyceride (mg/dL)                                                              87 (66--113)      84 (65--114)        94 (79--107)        0.25
   HBeAg (positive)                                                                  222 (68.9)        167 (67.2)          54 (74.7)           0.37
   HBV DNA                                                                                                                                     0.21
    \<6 log~10~ copies/mL                                                            155 (48.2)        112 (45.0)          43 (59.2)           
    ≥6 log~10~ copies/mL                                                             167 (51.8)        137 (55.0)          30 (40.8)           

Data are given as number (%) of patients, unless otherwise noted.

IQR, interquartile range; BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gammaglutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.

Metabolic risk factors included obesity, history of hypertension or diabetes mellitus, and serum levels of triglyceride, HDL cholesterol, and fasting glucose.

###### 

Univariate and multivariate Cox analysis of factors associated with HCC development after inverse probability weighting

  Characteristics                                                                    HCC development                                         
  ---------------------------------------------------------------------------------- ----------------------- ------- ----------------------- ------
  Age (years)                                                                        1.077 (1.025--1.132)    0.003   1.063 (1.010--1.120)    0.02
  Male                                                                               1.349 (0.382--4.760)    0.64                            
  BMI (kg/m^2^)                                                                                              0.93                            
   \<23 (Normal)                                                                     1 \[Reference\]                                         
   ≥23 to \<25 (Overweight)                                                          1.300 (0.35--4.828)     0.70                            
   ≥25 (Obese)                                                                       1.123 (0.269--4.692)    0.87                            
  Diabetes mellitus                                                                                          0.004                           0.03
   No                                                                                1 \[Reference\]                 1 \[Reference\]         
   Yes                                                                               5.331 (1.686--16.853)           3.562 (1.117--11.359)   
  Hypertension                                                                                               0.14                            
   No                                                                                1 \[Reference\]                                         
   Yes                                                                               2.951 (0.700--12.444)                                   
  Number of metabolic risk factors^[\*](#tfn4-cmh-2018-0040){ref-type="table-fn"}^                           0.98                            
   \<3                                                                               1 \[Reference\]                                         
   ≥3                                                                                1.022 (0.192--5.433)                                    
  Liver cirrhosis                                                                                            0.01                            0.07
   No                                                                                1 \[Reference\]                 1 \[Reference\]         
   Yes                                                                               4.371 (1.373--13.918)           3.554 (0.911--13.874)   
  Histologic steatosis                                                                                       0.10                            0.47
   \< 5%                                                                             1 \[Reference\]                 1 \[Reference\]         
   ≥ 5%                                                                              2.620 (0.828--8.297)            1.709 (0.404--7.228)    
  Duration of antiviral treatment                                                                            0.77                            
   Never or \<5 years                                                                1 \[Reference\]                                         
   ≥5 years                                                                          0.838 (0.252--2.784)                                    
  Albumin (g/dL)                                                                     0.689 (0.303--1.565)    0.37                            
  Total bilirubin (mg/dL)                                                            0.953 (0.692--1.311)    0.77                            
  ALP (IU/L)                                                                         0.999 (0.992--1.005)    0.72                            
  AST (IU/L)                                                                         0.995 (0.988--1.003)    0.25                            
  ALT (IU/L)                                                                         0.994 (0.985--1.004)    0.23                            
  GGT (IU/L)                                                                         1.002 (0.999--1.006)    0.22                            
  Fasting glucose (mg/dL)                                                            1.014 (1.000--1.028)    0.05                            
  Total cholesterol (mg/dL)                                                          1.001 (0.989--1.013)    0.92                            
  HDL cholesterol (mg/dL)                                                            1.007 (0.959--1.057)    0.79                            
  LDL cholesterol (mg/dL)                                                            0.997 (0.97--1.025)     0.83                            
  Triglyceride (mg/dL)                                                               1.002 (0.993--1.01)     0.69                            
  HBeAg (positive)                                                                   0.806 (0.232--2.804)    0.74                            
  HBV DNA                                                                                                    0.77                            
   \<6 log~10~ copies/mL                                                             1 \[Reference\]                                         
   ≥6 log~10~ copies/mL                                                              0.814 (0.21--3.164)                                     

Data in parentheses are 95% CIs.

HCC, hepatocellular carcinoma; CI, confidence interval; BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.

Metabolic risk factors included obesity, history of hypertension or diabetes mellitus, and serum levels of triglyceride, HDL cholesterol, and fasting glucose.
